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1

POWER SHIFT SYSTEM TO STORE AND
DISTRIBUTE ENERGY WITH DIRECT
COMPRESSOR DRIVE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of and 1s a continuation
of U.S. Patent Application entitled “Power Shift System to
Store and Distribute Energy,” having Ser. No. 17/566,682,
filed Dec. 31, 2021, and currently pending, which 1s incor-
porated by reference 1n its entirety as 11 fully set forth herein.

FIELD OF THE INVENTION

The present mvention generally relates to reduction of
greenhouse gas emissions, related to energy generation,
transmission, and distribution. More specifically, the present
invention 1s a machine-learning management system that
controls the collection of renewable resources and low-peak
energy and determines when to transmit energy for direct
usage or store as compressed air. The system also determines
the generation of energy from stored compressed air and
controls the distribution of energy according to forecasted
data and predicted demand. The present invention enables
the reduction of greenhouse gas emission by increasing the
application of renewable energy and reduction of renewable
resource curtailment.

BACKGROUND OF THE INVENTION

There 1s a critical need for safe and reliable power and an
increased global commitment to a carbon-iree future. With
the majority of the world’s electricity generated from fossil
tuels, a global trend has emerged towards a more thoughtiul
usage of power generation. Primary historic sources of
clectricity—oil, gas, coal, and nuclear—are derived from
non-renewable technologies. Renewable technologies, such
as solar and wind, generate electricity on an itermittent and
unpredictable basis. While demand for electricity 1s predict-
able on a daily basis, supply of electricity produced from
renewable energy does not match daily demand, resulting in
heavy reliance on non-renewable technologies that are not
environmentally sustainable and often include older genera-
tion natural gas-fired plants that produce high rates of
greenhouse gases.

FIG. 1 shows the collection of solar and wind energy over
a 24-hour period on Mar. 6, 2018, reported by the California
Independent System Operators. The wind energy reported 1s
almost negligible throughout the full period, and the solar
energy 1s reported to be most available between the hours of
8 am and 4 pm with negligible availability outside this
timeirame. Due to the growth of solar energy production, the
peak energy demand has shifted to later 1in the day, causing
turther 1ssues with solar over-generation i Califorma.

The world’s demand for power does not consider the
availability of the source and, hence, the availability of
energy from renewable resources does not naturally match
the demand schedule for power. FIG. 2 illustrates the
demand curve over a 24-hour period and also illustrates the
net demand curve of the resulting energy demand after
applying the energy provided by solar and wind. The net
demand curve essentially retlects the amount of non-renew-
able power required to meet the net energy demand.

During the periods of surplus energy, the overproduction
of energy from renewable resources must be backed off 1n
curtailment to ensure that the supply and demand remain 1n
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balance. This curtailment results 1n a massive waste of
resources from both the overproduction and from the cur-
tallment of unusable renewable energy. Unforeseen 1mbal-
ances between scheduled supply and actual production are
heavily penalized due to the supply deviation from 1its
committed schedule in the power markets. In 2017, Cali-
forma alone reports having to curtail 379,510 MWH of
overproduction in order to maintain system supply and
demand balance or system frequency. FIG. 3 shows the

California ISQ’s historical curtailment of renewable
resources from 2014 through 2017.

This problem of imbalance can be mitigated by storing
energy when 1t 1s at a surplus and applying it to a later time
period of peak demand when there are insuflicient renewable
sources. This would smooth out the incongruity of the
supply and demand curves to reach a more balanced system,
tailoring the supply to a scheduled demand as shown 1n FIG.
4. Not only would this prevent curtailments of wasting and
disposing of power, 1t would also minimize commercial
contracting for the heightened prices of energy during those
peak periods.

Existing short-term storage technologies, while viable,
sufler from a variety of shortcomings that limit their wide-
spread use across a utility grid, especially for residential,
small commercial, and micro-grid applications. Existing,
storage technologies include rechargeable batteries (lithium
and lead-acid), flow batteries, inertial (flywheel), pumped
water, gravitational potential energy, and traditional com-
pressed air energy storage systems, all having shortcomings
of high mitial material acquisition and lifecycle costs, high
inirastructure costs, low energy density, low or no portabil-
ity, and potentially high end-of-life disposal costs, especially
for battery-based storage. Lithium-based energy storage
cannot easily respond to the aifternoon energy demand ramp,
and therefore 1s often still dependent on natural gas energy
plants. Older, dirtier plants must be kept online to meet this
demand and pump storage 1s utility scale, not small scale,
and therefore requires complex site planning and costly
development.

Compressed air energy storage (CAES) 1s a proven tech-
nology with currently operating plants of various sizes but
has widely recognized shortcomings based on the mechani-
cal losses of the system and fundamentals of thermal 1net-
ficiency during the compression and expansion processes. In
traditional systems, excess or ofl-peak power 1s used to spin
a chain of air compressors that force high-pressure air into
tanks. Compression creates heat that 1s either stored adia-
batically 1n an enormous thermal mass or dissipated diabati-
cally into the environment. When energy demand i1s high,
compressed air 1s released from the tanks at a regulated
pressure. The released air spins an air motor expander and
generator to feed electricity back into either a utility grid or
a micro-grid. Expansion removes heat from the compressed
air, which will approach ineflicient or potentially damaging
cryogenic temperatures. Consequently, the air must be
warmed during the expansion process. An adiabatic process
warms the air with heat stored during the compression
process. A diabatic process reheats the air with a gas fired
burner or other heat source, consuming non-renewable
energy that creates greenhouse gases. Large-scale CAES
plants of at least 100 MWh storage capacity use under-
ground caverns for compressed air storage, relying on gas-
fired burner or heat from gas-fired plants. Additionally, since
a CAES system uses mechanical components by design,
mechanical losses due to friction, inertia, and component
design are unavoidable.
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Further, traditional CAES systems can convert the com-
pressed air to electrical energy using an air driven generator,
using this electrical energy to operate various systems
including coolant systems. However, these systems can take
considerable energy and the losses associated with convert-
ing the compressed air to electrical energy and then using
this energy to drive a coolant compressor can be substantial.

A CAES system that could overcome thermal and
mechanical inefliciencies would have broad application for
both residential and commercial micro-grids.

SUMMARY OF THE INVENTION

Disclosed 1s a machine-learning energy management sys-
tem that controls energy capture, air compression, storage,
and electrical energy generation and distribution to provide
safe, reliable, eflicient energy from 1ntermittent and off-peak
sources for imndividual demand. The present invention har-
nesses energy from renewable sources and from a public
utility grid during low demand and low price periods and
converts the energy to compressed air, which 1s stored for
later usage. The compressed air 1s converted to electrical
energy and distributed using a continuum of optimal oper-
ating parameters that enable peak demands of daily com-
mercial and residential usage to be met by shifting energy to
times of required demand and to times when direct renew-
able energy sources are not available. The compressed air 1s
also used to drive an external coolant system, directly
driving the coolant compressor to realize even greater sys-
tem efliciency. The present invention creates grid resiliency
and independence by harnessing, storing, and distributing
power on a microsystem level according to specific indi-
vidual demand on a micro-grid kilowatt residential and
commercial scale, also reducing curtailment of excess
renewable energy.

The disclosed energy management machine comprises a
system to manage capture of renewable energy and gnid
energy, determining when excess renewable energy 1s avail-
able and considering current and anticipated supply and
demand, current and anticipated energy costs, current and
forecasted weather, curtailment data, and historical system
performance. The system converts excess renewable energy
to stored energy in the form of compressed air, using a
continuous cycling of storage tanks and a boost impulse to
mimmize efliciency losses due to heat of compression. The
system also captures waste heat from the compression
process and transfers the heat to an HVAC (heating, venti-
lating, air conditioning) system for use in heating an external
building. The system determines when to convert com-
pressed air to electrical energy considering overall supply
and demand factors, further controlling the release of com-
pressed air to power an air motor that 1s mechanically
coupled to a generator using controlled thermal environ-
mental heating to oflset operational cooling. The system
captures remaining expansive cooling energy and transiers 1t
to the HVAC system to also cool the building. The system
converts mechanical rotation to electrical power and con-
trols an electrical system to feed that electrical power onto
an electrical grid as a source of generated electricity. The
system also uses compressed air to directly drive a coolant
compressor, bypassing the conversion to electrical energy to
increase system efliciency. When capturing energy from a
wind source, the system shifts the input to a mechanically-
coupled transmission to convey rotational energy from the
wind vanes directly to the compression system to improve
overall system efliciency.
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The present invention advances the technology of exist-
ing, large-scale, reliable CAES technologies by enabling a
scalable system that leverages proven reliability of a tradi-
tional system with an innovative isothermal process that
harnesses heat from the surrounding environment to warm
the air, significantly increasing system eiliciency and reli-
ability while mimimizing complexity. The present invention
does not rely on {fossil fuels, instead using engineering
imnnovations to minimize thermal inefliciencies, increase
overall efliciency, and minimize total lifecycle costs with
none of the environmental justice concerns of lithium tech-
nologies, either in raw materials acquisition or 1n end-of-life
disposal. The present invention provides a customer side of
the meter solution with increased cycle performance and
critical energy needs, including resiliency, reliability,
improved safety, lower environmental impact, lower costs
than currently fielded systems, and better long term and
lifecycle performance.

The present mvention has widespread residential, com-
mercial, and industrial applications, while creating a gnid
independence opportunity that minimizes the impact of
utility shutdowns. The present invention also brings power
to 1solated areas that are currently unreachable by utility
services and enables an integrated system for larger indus-
trial and agricultural megawatt scale applications.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing summary, as well as the following detailed
description of preferred embodiments of the invention, will
become better understood when read 1n conjunction with the
appended drawings. For the purpose of illustrating the
invention, there are shown in the drawings embodiments
that are presently preferred. It should be understood, how-
ever, that the invention 1s not limited to the precise arrange-
ments and 1strumentalities shown. In the drawings:

FIG. 1 illustrates the typical collection of solar and wind
energy over a 24-hour period on Mar. 6, 2018, reported by
the Californmia ISO:;

FI1G. 2 illustrates the typical demand curve over a 24-hour
period and the net demand curve of resulting energy demand
alter applying the energy provided by solar and wind;

FIG. 3 illustrates the Califormia ISO’s typical historical
curtailment of renewable resources from 2014 through 2017;

FIG. 4 1llustrates Application of Stored Energy to Demand

Curve;
F1G.

FIG.
FIG.
FIG.
FIG.
FIG.
FIG.
FIG.

5 1llustrates the System Diagram;

6 illustrates the Operation Flow, Part 1;
7 1llustrates the Operational Flow, Part 2;
8 1llustrates the Operational Flow, Part 3;
9 1llustrates the Operational Flow, Part 4;
10 1llustrates the Energy Storage;

11 1llustrates the Energy Generation; and
12 1llustrates the Controller System.

DETAILED DESCRIPTION OF TH.
INVENTION

(L]

As 1illustrated 1n FIG. 5, the present energy management
machine uses a controller system 500 to manage incoming
energy sources 301 into compressed air operations 502 and
energy generation 504. Compressed air 1s regulated to feed
into a cycling system of storage tanks 503 according to
temperature and also generates boost pulsation 505 to create
energy for kick-starting the mechanical components of the
energy generation. Both the compressed air operations and
energy generation have controlled outlets to a heat
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exchanger 506 that 1s connected to an HVAC system of an
external building to leverage the heating and cooling of the
system to 1mprove performance and conservation of the
HVAC operations for the bulldmg The controller system
500 can also use compressed air 502 to directly drive the
coolant compressor 1n order to increase the efliciency of the
system either independently or 1n combination with the heat
exchanger 506. Energy generation 1s exported to an electric
utility grid 507. The system combines near real time web-
based data, historical performance data, algorithm control
method, variable air pressure for demand-based generation,
thermal tank cycling, building air heat exchanger, and boost
pulsation to continually calculate and analyze optimal oper-
ating parameters that enable optimized system efliciency and
responsiveness. These engineering mnovations represent a
significant advancement and evolution over the systems
currently interconnected with grid power systems.

System Operation Flow

The present invention begins with the flow illustrated in
FIG. 6. The system operation runs in a continuous loop
consisting of a series of decisions and processes. At the start
1, the system determines 2 whether to store energy, generate
energy, or do nothing, and commands the controller appro-
priately when there 1s excess energy available from differ-
ence energy sources that include utility grid, a solar cell, or
a wind turbine using results from CPU Analy31s 3. When
excess energy 1s available or when energy 1s determined to
be at a desirable low cost, the system executes its storage
process via the controller using the available excess energy
to spin an electric motor connected to an air compressor. The
system uses web data 5 to calculate upcoming energy
demand, determine optimal storage 4, and determine 7 when
energy should be stored 6. Once 1t 1s determined that energy
1s to be stored, the CPU runs 8 a Proportional-Integral-
Denvative (PID) algorithm using historical performance
data 9, CPU analysis 10, and internet data 11 to determine
the energy source 13 and storage operation parameters 12.

When capturing energy from a wind source, the system
shifts 15 the mput to a mechanmically-coupled transmission to
convey rotational energy from the wind vanes directly to the
compression operations, bypassing the wind electrical gen-
erator and the compressor electrical motor and therefore
bypassing the losses that would exist between those com-
ponents. There 1s a mechanical clutch between the wind
turbine and the compressor that 1s engaged to directly spin
the compressor, the tank outlet valves are closed, and the
tank fill valves are opened. For the utility grid or solar source
selection 14, the power relays are closed, the tank outlet
valves are closed, and the appropriate tank fill valve 1s
opened.

The compressor draws outside ambient air 1nto its com-
pression chambers, compresses 1t to a higher pressure, and
transiers 16 that high-pressure air into a cycling array of
storage tanks for later use. Each storage tank in the cycling
tank array 1s filled one at a time using a thermoregulation
process 42 to mitigate the heat generated from compression
operations, while the system continuously monitors 18 the
temperature, pressure, and electric current of each storage
tank using sensors coupled to each tank. The heat generated
during compression operations warms the compressed air
and also the tank being filled. If not removed, this heat
expands the air and increases 1ts volume, partially counter-
ing the work done to compress it.

While the heat of compression 1s partly expelled at each
compression stage, the compressed air still carries increased
heat energy. To mitigate this thermal eflect, the controller
monitors 18 the temperatures of each storage tank in the
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cycling tank array. The system relies on a cycling algorithm
to operate a thermoregulation process 42 that continuously
rotates through the tank array to increase efliciency of the
system. When the temperature of the storage tank currently
being filled with air reaches a specified temperature thresh-
old, the controller closes 42 that tank’s fill valve and shifts
operations to fill a cooler tank 1n the array 17. This allows
the warmer tank to passively cool itself using ambient air as
an environmental force that changes the temperature of the
tank, which helps to maximize system efliciency by storing
cooler air and leveraging the ambient air to cool the tanks on
a continuous rotating basis. The system also pressurizes a
separate boost tank 31 with high-pressure air that 1s used to
provide a boost impulse at the beginning 32 of the energy
generation process. Alternatively, the boost impulse 31 may
also comprise a spring configuration that uses recoil power
as a catalyst for the mnitiation of the air motor.

The system monitors 18 the storage tanks in the cycling
tank array 17 to determine when they are tull of compressed
air, updating measurements of pressure, temperature, and
clectrical current. The results of the tank monitoring 18 are
integrated 19 1n the historical performance data 9 to be used
in the PID algorithm 8 to refine overall operating param-
eters.

As shown 1n FIG. 7, to minimize the thermal effect, the
compressor radiates 21, 22 this heat into a coil of tubing
filled with a circulating fluid. Using a multi-stage compres-
sion process, heat 1s transferred into the fluid at each
compression stage. The system 1s connected to an HVAC
system of an external building. When the system determines
20 that the HVAC system 1s signaling for building heat, the
fluid 1s circulated through a heat exchanger that 1s coupled
to the existing HVAC system of the building. The system
process configures 21 valves to circulate fluid through a coil
to capture waste heat from compressor operations, then
circulates that liquid through the HVAC heat exchanger to
transier 43 to the building air for use as supplemental heat
when needed. When the system determines 20 that supple-
mental heat 1s not needed, the system 22 configures valves
to circulate fluid through a coil to capture waste heat from
compressor operations, diverting the waste heat by circulat-
ing the tluid through a radiator to transier 44 the unneeded
heat to ambient air. The use 17 of an array of smaller tanks,
rather than one large tank, increases the tank surface area to
tank volume ratio, increasing heat transfer to ambient air and
facilitating the tank cooling process. This heat transfer
therefore increases the potentlal amount ol high-pressure air
that can be stored 1n the air storage tanks.

Once the system determines 23 that the tanks are full, the
system process turns ol 45 the compressor by opening the
power relays between grid and/or solar panels or by disen-
gaging the mechanical clutch at the wind turbine. The

process then closes the tank fill valves and returns to the start
1.

As shown 1n FIG. 8, when the system determines 2 there
1S no excess energy available from a utility grid, a solar cell,
or a wind turbine using results from CPU Analysis 3, the
system operation queries 24 web data S to calculate upcom-
ing demand and determine optimal energy generation. The
system determines 7 whether energy should be generated 26.
If no energy should be generated, the process delays 25 for
a specific duration, then returns to the start 1. However,
when the system determines 7 a demand for energy, 1t shifts
to a generation process. The process uses historical perfor-
mance data 9, CPU Analysis 10, and internet data 11 to
continuously run 27 algorithms for machine learning, arti-
ficial intelligence, neural networks, or Proportional-Integral-
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Denvative (PID) control to determine optimal operating
parameters 28, including optimal air pressure to maintain
correct air motor rotational speed.

When the energy generation process 1s initiated, the
at-rest air motor and connected generator 33 represent an
inertial mass that must begin spinning. To overcome this
at-rest 1nertia, the system uses the boost impulse 31, which
includes releasing 29 an impulse of high-pressure air from
the boost tank 31 or using a spring configuration to kick-start
the air motor. When a boost tank 1s used, the system opens
the boost tank 31 to kick-start rotation of an air motor 32.
When a spring configuration 1s used, the system engages the
spring configuration to act as the catalyst to initiate the air
motor. This impulse 1immediately begins rotating the air
motor and generator from the resting position to an opera-
tional speed. Once the air motor reached the operational
speed, the high-pressured air from the cycling tank array 1s
used to maintain this rotation from the operational speed.
The system sets 29 the air tank outlet pressure regulator 30
to optimal pressure for energy generation and controls 29 the
openings of the tank outlet valves to maintain rotation of the
air motor 32. When the high-pressured air 1s released
through the valves, the air motor converts 32 the high-
pressured air into rotational motion using a mechanical
arrangement of pistons, valves, and vanes.

As shown 1n FIG. 8, the air motor rotates a mechanical
shaft which 1s connected to the generator. This rotation spins
the shait and armatures of the generator, creating electricity
and eflectively converting the high-pressure air back into
energy. With the generation process running 33, electrical
energy 1s delivered 34 to the desired source (microgrid,
building, or utility grid) via a grid tie inverter and associated
power relays. The system continuously measures 35 pres-
sure, temperature, and electrical current. The results of those
measurements are sent back 36 to be used as iputs 9 to the
PID algorithm 27 to refine overall operating parameters.

As the generation process continues, the controller cal-
culates 27 the optimum rotational speed of the air motor to
meet the energy demand, based upon a variety of parameters
including current energy demand 24, short-term demand
forecasting 10, and historical system performance 9. These
parameters are gathered from web-based 1nformation
sources and from historical metrics stored 1n system
memory.

As the high-pressure air 1s released through the air motor
32, 1t decompresses and gives up its thermal energy. This
cooling effect will drop the temperature of the air motor and
associated valves significantly, eventually impacting perfor-
mance. Cool air has less volume, impacting efliciency. If the
air temperature drops far enough, the system will begin to
freeze, impacting mechanical performance. The system uses
a thermoregulation process 48 to mitigate this thermal eflect.
The controller monitors the temperatures of each storage
tank 1n the cycling tank array 17 and, when the temperature
of the active tank currently being filled with air reaches a
specified temperature threshold, the controller closes that
tank and shifts operations to fill a cooler tank 1n the array 17,
continuously rotating from cold to warm tanks. This allows
the colder tank to passively warm 1tself using ambient air as
the environmental force to maximize system efliciency. The
use ol an array of smaller tanks increases the overall tank
surface area to tank volume ratio, increasing heat transfer
from ambient air and facilitating the tank re-warming pro-
Cess.

As shown 1n FIG. 9, as long as the generation demand has
not been fulfilled, the system updates 35 measurements of
pressure, temperature, and electrical current. This data 1s
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sent back 36 to be incorporated as inputs to the control
algorithm to refine overall operating parameters while the air
motor rotation process 32 and generator process 33 con-
tinue. The controller commands a varniable pressure air
regulator valve to set the proper air pressure arriving at the
alr motor 1n order to manage 32 the optimum air motor
rotational speed and therefore the optimum output 33 from
the generator without wasting any system energy. In addi-
tion, a coil of tubing filled with a circulating fluid 1s
thermally coupled to the air motor 32, capturing the cooling
resulting from the air expansion. The fluid 1s circulated
through the heat exchanger 38 that 1s coupled to the existing
HVAC system of an external structure. While the generator
1s operating 33, the system determines 37 whether the
building HVAC system 1s calling for temperature cooling.
When the building needs cooling, the system configures 38
valves to circulate flmid through the coil to capture cooling
from air motor air expansion, then circulates 46 that liquid
through the HVAC heat exchanger to transfer this cooling
energy to the building for air conditioning when needed. The
system can also operate 38 valves to send compressed air 17
to a coolant compressor to directly drive the cooling system
either as an assist or to operate mndependently without the
heat exchanger. When the system determines 37 no cooling
1s needed, the system diverts 39 the waste cooling to an
external radiator by configuring valves to circulate fluid
through the coil to capture cooling from air motor expander
operation, then circulates 47 that liguid through a radiator to
warm the liquid from ambient air.

The system continues the generation process until it
determines 40 that the generation demand has been fulfilled
or until all the stored compressed air has been used. At this
point, the system turns ofl 41 the air motor by opening the
power relays and closing the tank valves and waits to begin
the storage process or generation process.

System Integration

As 1llustrated i FIG. 10, the controller system regulates
the collection of energy from energy units 110 wired to an
inverter 120 that delivers energy to an AC breaker panel 130
and an electrical utility grid 135. The utility grid 135 1s the
existing interconnected network for delivering electricity
from producers to consumers, comprising generating sta-
tions that produce electric power, electrical substations for
stepping electrical voltage up for transmission or down for
distribution, high voltage transmission lines that carry power
from distant sources to demand-centers, and distribution
lines that connect individual customers to the grid. The
energy irom the panel 130 charges a varniable speed multi-
stage compressor 140 that compresses air to the desired
high-pressure range. Alternatively, a windmill 300 1s
mechanically coupled to the compressor 140 through a
clutch 310. The clutch allows the spinning windmaill 300 to
directly drive the compressor 140 to minimize electrical
losses that would otherwise be present.

An output air hose 141 feeds into an actuator valve 142
with a pressure sensor 143, then feeds through an 1nlet track
section of a multi-connector 144. One of the outlet track
sections 1s connected to at least one secondary actuator valve
145, each valve with a connected pressure sensor 146, and
feeds via air hoses 51 into storage tanks 50 equipped with
temperature sensors 52. The output air hose 141 may also
feed a boost tank 96 through the multi-connector 144 and an
actuator valve 97 with a pressure sensor 98.

The boost impulse 96 comprises an apparatus that acts as
a catalyst for kick-starting the air motor from a resting
position to an operating speed. Once the air motor 1s running
at the desired operational speed, the boost impulse ceases
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and the operation of the air motor 1s subsequently taken over
by the cycling tank array. When an auxiliary boost tank 1s
used as the boost impulse, the boost tank provides a short
release of pressurized air for the start-up of energy genera-
tion. This pulsation kickstarts an expander and mechanically
coupled generator, using the pulse to overcome mechanical
at-rest inertia without depleting air 1n the cycling tank array
50. The boost tank 96 1s quickly recharged at the beginning
ol each storage cycle, as needed, by air pressure from the
compressor 140 through the multi-connector 149. The boost
impulse may also be comprised of a spring apparatus that
uses a recoil power as the catalyst for the air motor to reach
the operational speed.

A heat exchanger coil 200 gathers waste heat from the
compressor 140 using a circulating liquid, which is sent to
a valve 201 that directs the heated liquid to an HVAC heat
exchanger 240. Circulating air 250 from the building’s
HVAC system captures this heat from the heat exchanger
240. This otherwise wasted heat 1s used to heat the building.
When building heat 1s not needed, the valve 201 directs the
heated liquid to a radiator 220 that radiates the excess heat
to ambient air.

As 1llustrated 1n FIG. 11, energy generation 1s also man-
aged by the controller system to regulate the production of
energy. The compressed air i the storage tanks 50 1is
released through second actuator valves 520 via air hoses
530 with the high-pressure output feeding through the
multi-connector 149. The output hose at the multi-connector
149 directs the high-pressured air at A into a variable
pressure regulator 147 with a sensor 93, transmitting the air
at a variable low pressure B into an expander 60. The shaft
of the expander 1s connected via a tlexible coupling 61 to an
clectric generator 70. At the beginning of a generation cycle,
the controller 1nitiates the boost impulse to kick start the
expander 60 and generator 70. This kick-start overcomes the
at-rest mechanical inertia of the expander and generator.
Once the expander and generator are spinning, the rotation
1s maintained with optimized air pressure from the cycling
tank array 50. The generator 1s wired to return power to the
AC breaker panel 130 and electrical utility grid 135. When
a boost tank of high-pressured air 1s used, the controller
momentarily opens an actuator valve 540 of the boost tank
96 equipped with a pressure sensor 98 to provide a pulse of
pressurized air in order to start up the expander. Alterna-
tively, the controller may actuate a spring configuration to
provide startup power for the expander.

A heat exchanger coil 210 gathers waste cooling from the
air motor 60 using a circulating liquid that 1s sent to a valve
202. When the building associated with the system 1is
cooling 1ts interior, the valve 202 directs the cooled liquid to
the heat exchanger 240. Circulating air 250 from the build-
ing’s existing HVAC system captures this cooling from the
heat exchanger 240, and this otherwise wasted cooling 1s
used to help cool the building. When building cooling 1s not
needed, the valve 202 directs the heated liquid to a radiator
230, which radiates the excess cooling to ambient air.
Additionally, compressed air can be used to directly drive a
coolant compressor to be used 1n combination with the heat
exchanger or independently.

As shown 1n FIG. 12, the system operation 1s managed by
a controller system 500 comprising a central processing unit
(CPU) 80, programmable logic controllers (PLC) 400, an
automated control program 90, and a Wireless Internet
Gateway 410 that interfaces with multiple web data sources
420 using the internet 430 and specific cloud servers 440.
The controller continuously monitors parameters related to
the existing and anticipated availability of energy and the
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existing and anticipated demand for energy for the current
24 to 48 hours. These parameters include web-based infor-
mation such as weather forecasts, utility grid energy pricing,
curtailment data, and utility forecasting. Energy sources
include excess utility grid energy and energy from renew-
able sources, including solar and wind. Supply and demand
forecasting 1s 1mplemented using internet-based web data
sources queried by the controller 500. These sources include
current supply and demand data, forecasted supply and
demand, supply and demand trends, current market pricing
and pricing trends, curtailment data, and current and fore-
casted weather. The controller 500 combines this data with
historical system performance data and determines a suitable
system performance using tailored algorithms for machine
learning, artificial intelligence, neural networks, and PID
control to contmually optimize the overall system operation
for maximum ethciency and power generatlon The algo-
rithms are specifically directed toward minimizing the
energy-loss effects of diabatic cooling during power gen-
eration by automatically switching from the air tanks cooled
by air decompression to warmer air tanks based on a
temperature comparison. This cycling allows the colder air
tanks to warm via ambient air energy before being called
upon to deliver compressed air to an air motor, thereby
increasing the efliciency of energy generation.

The controller system 500 1s wired to the breaker panel
130, the compressor 140, the actuator valves 142, 145, 97,
520, 540, 201, 202, the pressure sensors 143, 146, 92, 93, 98,
the temperature sensors 52, the clutch 310, and the variable
pressure regulator 147. The controller 500 1s directed by a
user-input demand schedule or a pre-programmed default
automated control program 90 generated either on-site or at
a remote location. It controls the energy storage and the
output of production to reshape the distribution of energy
supply to the distribution of the demand/supply schedule 1n
order to maintain a balanced system. The controller 500 1s
also wired to the panel 130 to receive data used to evaluate
what 1s needed based on the forecasted schedule 90 to
determine when to store collected energy, when to release it,
and the rates needed to meet the desired power production.

The controller 500 uses the results of the system algo-
rithms to determine optimal performance. The controller
decides whether to do nothing or to store or generate energy,
determines how quickly to store or generate energy, and
manages air tank temperatures. For energy generation, the
controller uses the algorithm results to select a proper air
pressure using the variable air pressure regulator 147, which
enables the system to modulate the power generation rate 1n
order to closely match the actual demand load without
wasting stored energy (compressed air). During power gen-
eration, the controller 500 also shifts air valves to draw
compressed air from specific tanks within the cycling tank
array 30 on a rotating basis 1n order to keep air driving the
motor 60 at a more constant temperature and mitigate any
undesired eflects of expansion cooling 1n a typical diabatic
system. In this manner, the system 1s able to maintain a more
constant operating air temperature by constant heat
exchange from the environment, approximating constant
temperature of an 1sothermal system.

The controller 500 1s a robust, fault tolerant combination
of a CPU, web access gateway via cellular technology, and
a PLC that embodies a standard, well-proven industrial
digital computer specifically designed for this control sys-
tem. The CPU contains a monitoring and analysis program
that gathers data from web sources and compares the data
with historical performance data to decide when to store
energy and when to generate electricity. The CPU updates
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the data and its resulting decision with specified frequency.
The CPU monitors operating parameters of the system 1n
real time, including air pressure at various points, tempera-
ture at various points, voltage and current at various points,
and ambient air temperature.

When a decision 1s made to store or generate energy, the
CPU runs a control algorithm to optimize the overall system
performance. The algorithm 1s a control-loop mechamism
employing feedback via a variety of pressure, temperature,
and electrical sensors to optimize overall system perfor-
mance and keep the performance within the desired param-
cter limits. The control algorithm continuously calculates an
error value for pressure, temperature, and electrical param-
eters, as the difference between measured values and desired
setpoints. The algorithm then applies an appropriate correc-
tion by varying voltage, current, or air pressure based upon
proportional, mtegral, and derivative terms that are calcu-
lated from measured values and historical performance data.
The proportional value represents the current measured error
value for a particular parameter, the integral value accounts
for past values of the error for a particular parameter by
integrating over time, and the derivative value 1s an estimate
of the future trend of the error value for a particular
parameter calculating the derivative rate-of-change of that
value.

The three algorithm coetlicients are continuously com-
bined mathematically to calculate optimal operating param-
cters for voltage, current, and air pressure in order to
maintain optimal overall system performance and to adjust
respective controlled devices 1f the parameters deviate from
their desired setpoints. When a correction 1s necessary, the
control algorithm selects the minmimal change to drive
desired behavior without overshooting a parameter. This
teedback control system helps to optimize overall system
performance, and therefore system efliciency, and minimizes
wear and tear on system components to maximize system
reliability.

The control algorithm 1s used during the energy storage
phase to decide how quickly to compress air and fill the
cycling tank array. This rate of storage varies based upon
available renewable energy, the time window that the energy

will be available, and the optimal operating parameters of

the compressor. The control algorithm 1s used during the
energy generation phase to direct the proper start-up and
ramp of the air motor via boost impulse and air pressure
regulation to conserve air pressure as much as possible. The
algorithm then varies the air pressure to keep the air motor
within the optimal RPM (revolutions per minute) band,
thereby maintaining constant generator speed. This
approach optimizes overall power generation while conserv-
ing as much air pressure as possible.

Grid-tie inverters 600 shown in FIG. 11 are normally 120
V RMS (root-mean-square, a standard measure of effective
AC voltage) at 60 Hz or 240 V RMS at 60 Hz, and used
between electrical power generators, including solar panel,
wind turbine, hydro-electric, and the utility power grid 135.
To 1nject electrical power efliciently and sately 1nto the grnid
135, the grid-tie inverter 600 accurately matches the voltage
and phase of the grnid sine wave AC wavetform. The electrical
power grid 135 1s the existing interconnected network for
delivering electricity from producers to consumers, com-
prising generating stations that produce electric power,
clectrical substations for stepping electrical voltage up for
transmission or down for distribution, high voltage trans-
mission lines that carry power from distant sources to
demand-centers, and distribution lines that connect indi-
vidual customers to the grid. During energy generation, the
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system essentially becomes a supplemental generating sta-
tion for the overall grid 135, replacing the solar or wind or
higher priced energy that 1s no longer available or decreased
due to lack of sun, wind, or desirability.

The mvention claimed 1s:

1. An energy management machine comprising;:

at least one control component;

at least one monitoring component configured to generate
performance data;

an air compression device coupled to at least one said
control component and configured to receive energy

from at least one energy source to create a volume of
high-pressured air from an ambient air source;

a cycling tank array comprising at least two storage tanks,
such that each storage tank 1s coupled to at least one
said monitoring component, at least one said control
component, and said air compression device, and con-
figured to receive a volume of high-pressured air from
said air compression device;

a fill order component coupled to at least one said control
component, and comprising a first cycling algorithm
configured to determine which storage tank receives a
portion of high-pressured air based on said perfor-
mance data:

a release order component coupled to at least one said
control component, and comprising a second cycling
algorithm configured to determine which storage tank
releases the portion of high-pressured air based on said
performance data;

an air motor coupled to at least one said control compo-
nent and said cycling tank array;

a generator coupled to at least one said control component
and said air motor;

a boost impulse component coupled to at least one said
control component, said air compression device, and
said air motor:

a distribution apparatus connected to at least one said
control component, said generator, and an electrical
power grid;

a controller connected to at least one said control com-
ponent and an internet source, said controller compris-
ing: a processing component that determines future
energy demand; a machine learning component that
determines a continuum of optimal operating param-
cters; a performance component that determines when
to capture energy, when to store energy, and when to
generate energy; an integration component that incor-
porates said continuum of optimal operating param-
eters to control at least one said control component and
at least one said monitoring component; and wherein
said controller 1s configured to direct a volume of
high-pressured air from said cycling tank array to
directly drive a coolant compressor.

2. The energy management machine according to claim 1,
turther comprising a heat exchanger coupled to the control-
ler and configured to receive a volume of captured heat
created by the air compression device and a volume of
cooling created by electrical energy generation, wherein said
controller leverages the captured heat and cooling to
improve performance and conservation of heating and cool-
ing operations of an external building.

3. The energy management machine according to claim 2,
wherein at least one control component comprises an actua-
tor valve and a pressure regulator.

4. The energy management machine according to claim 3,
wherein at least one monitoring component comprises a
temperature sensor and a pressure Sensor.
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5. The energy management machine according to claim 4,
wherein the boost impulse component comprises a vessel
configured to receive a second volume of high-pressured air
from the air compression device to initiate the air motor
from a resting position to reach an operational speed and to
discontinue once the air motor reaches said operational
speed.

6. The energy management machine according to claim 4,
wherein the boost impulse component comprises a spring,
apparatus configured to initiate the air motor.

7. The energy management machine according to claim 4,
wherein at least one energy source comprises a solar cell, a
wind turbine, or an electrical utility gnid.

8. The energy management machine according to claim 7,
wherein the wind turbine comprises a mechanically-coupled
transmission operable to convey rotational energy from a
multiple of wind vanes within the wind turbine directly to
compress ambient air for storage into the cycling tank array.

9. The energy management machine according to claim 4,
wherein at least one energy source 1s an electrical utility grid
and wherein the controller further comprises: a cost analysis
algorithm that directs the capture of energy from the energy
source when the energy 1s assessed an 1nitial rate and the
distribution of electrical energy when the energy 1s assessed
at a subsequent rate that 1s higher than the initial rate.

10. An energy management machine comprising:

at least one control component;

at least one monitoring component configured to generate

performance data;

an air compression device coupled to at least one said

control component and configured to receive energy
from at least one energy source to create a volume of
high-pressured air from an ambient air source;

a cycling tank array comprising at least two storage tanks,
such that each storage tank 1s coupled to at least one
said monitoring component, at least one said control
component, and said air compression device and con-
figured to receive a volume of high-pressured air from
said air compression device;

a fill order component coupled to at least one said control
component, and comprising a first cycling algorithm
configured to determine which storage tank receives a
portion of high-pressured air based on said pertor-
mance data;

a release order component coupled to at least one said
control component, and comprising a second cycling
algorithm configured to determine which storage tank
releases the portion of high-pressured air based on said
performance data;

an air motor coupled to at least one said control compo-
nent and said cycling tank array;

a generator coupled to at least one said control component
and said air motor;

a boost impulse component coupled to at least one said
control component, said air compression device, and
said air motor;

a distribution apparatus connected to at least one said
control component, said generator, and an electrical
power grid;

a controller connected to at least one said control com-
ponent and an internet source, said controller compris-
ing: a processing component that determines future
energy demand; a machine learning component that
determines a continuum of optimal operating param-
cters; a performance component that determines when
to capture energy, when to store energy, and when to
generate energy; and an integration component that
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incorporates said continuum of optimal operating
parameters to control at least one said control compo-
nent and at least one said monitoring component; and

a heat exchanger coupled to the controller and configured

to recerve a volume of captured heat created by the air
compression device and a volume of cooling created by
clectrical energy generation, wherein said controller
leverages the captured heat and cooling to improve
performance and conservation of heating and cooling
operations of an external building.

11. The energy management machine according to claim
10, wherein the boost impulse component comprises a
vessel configured to receive a second volume of high-
pressured air from the air compression device to 1mitiate the
alr motor from a resting position to reach an operational
speed and to discontinue once the air motor reaches said
operational speed.

12. The energy management machine according to claim
11, wherein at least one energy source 1s an electrical utility
orid and wherein the controller further comprises: a cost
analysis algorithm that directs the capture of energy from the
energy source when the energy 1s assessed an 1nitial rate and
the distribution of electrical energy when the energy is
assessed at a subsequent rate that 1s higher than the initial
rate.

13. A method of managing energy generation, the method
comprising the steps of:

operating a controller to obtain information from an

internet source, wherein the information includes
energy supply and demand data, energy cost data,
curtallment data, and weather data;

capturing energy from at least one energy source;

using the captured energy to compress ambient air 1nto a

volume of high-pressured air;

storing the high-pressured volume of air 1n a cycling tank

array comprising at least two storage tanks such that the
storage tanks are filled one at a time according to a {ill
order;
monitoring the temperature and pressure values of each
storage tank, wherein the temperature of each storage
tank 1s changed by an environmental force;

determiming the fill order based on the lowest temperature
and the lowest pressure of each storage tank within the
cycling tank array;
determining a release order for the cycling tank array
based on the highest temperature and the highest pres-
sure of each storage tank within the cycling tank array;

filling each storage tank with the high-pressured air
according to the {fill order and releasing the high-
pressured air from each storage tank one at a time
according to the release order;

operating a boost impulse to 1nitiate an air motor from a

resting position to an operational speed and discontinu-
ing the boost impulse once the air motor reaches the
operational speed;
once the air motor reaches the operational speed, control-
ling the release of the high-pressured air from the
cycling tank array to operate the air motor coupled to
a generator to create a quantity of electrical energy;

deriving performance data from a system momnitoring
process;

analyzing said information from an internet source to

calculate future energy demand data;

using machine learning algorithms to process the future

energy demand data with the performance data to
determine a continuum of optimal operating param-
elers;
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integrating the continuum of optimal operating param-
cters to determine when to capture energy, when to

store energy, and when to generate energy;

controlling the distribution of the quantity of electrical
energy to an electrical power grid; and

controlling a volume of high-pressured air from said

cycling tank array to directly drive a coolant compres-
SOT.

14. The method of managing energy generation according
to claim 13, further comprising a heat exchanger coupled to
the controller for receiving a volume of captured heat
created by the air compression device and a volume of
cooling created by electrical energy generation, wherein said
controller leverages the captured heat and cooling to
improve performance and conservation of heating and cool-
ing operations of an external building.

15. The method of managing energy generation according
to claim 14, wherein the boost impulse comprises a vessel
configured to receive a second volume of high-pressured air
to 1nitiate the air motor from the resting position to reach an
operational speed and to discontinue once the air motor
reaches the operational speed.
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16. The method of managing energy generation according
to claim 14, wherein the boost impulse comprises a spring
apparatus configured to initiate the air motor.

17. The method of managing energy generation according
to claim 14, wherein at least one energy source comprises an
clectrical utility grid, a solar cell, or a wind turbine.

18. The method of managing energy generation according
to claim 17, wherein the wind turbine comprises a mechani-
cally-coupled transmission operable to convey rotational
energy from a multiple of wind vanes within the wind
turbine directly to compress ambient air for storage into the
cycling tank array.

19. The method of managing energy generation according
to claam 14, wherein at least one energy source 1s an
clectrical utility grid and wherein the controller further
comprises: a cost analysis algorithm that directs the capture
of energy from the energy source when the energy 1is
assessed an mitial rate and the distribution of electrical
energy when the energy 1s assessed at a subsequent rate that
1s higher than the initial rate.

20. The method of managing energy generation according,
to claam 19, wherein the environmental force 1s a thermal

equilibrium force.
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